Abstract. Previous studies have demonstrated the protective role of inducible heat-shock protein (HSP) 70 in intestinal cells. The HSP70-2 gene has a PstI site due to an A-G transition at the 1,267 position and different genotypes are associated with various levels of mRNA expression. The present study aimed to clarify the effect of the HSP70-2 polymorphism on the risk of ulcerative colitis (UC), including its clinical phenotypes. A total of 121 patients with UC and 500 healthy control (HC) subjects participated in the study. To assess the polymorphisms at the 1,267 position of the HSP70-2 gene, restriction fragment length polymorphism analysis was performed. The subjects in the study were classified by disease behavior, severity and extent of disease. Although no significant difference of the HSP70-2 genotype distribution was identified between the HC and UC groups, the BB genotype exhibited a lower risk of the steroid-dependent phenotype [odds ratio (OR), 0.12; 95% confidence interval (CI), 0.02-0.95; P=0.02]. The same genotype was also associated with a lower risk of the refractory phenotype (OR, 0.16; 95% CI, 0.04-0.73; P= 0.01). There was no direct correlation between the polymorphism of the HSP70-2 gene and UC susceptibility. However, there was an association between a reduced risk of the steroid-dependent and refractory phenotypes of UC and the BB genotype.
Introduction
Ulcerative colitis (UC) is a condition that affects the colon and rectum and usually involves the innermost lining mucosa. The condition presents as continuous areas of inflammation, with no segments of normal mucosa (1) . UC is characterized by chronic, relapsing colonic inflammation with an unknown etiology. Immune dysregulation and genetic factors are known to play important roles in the pathogenesis of UC.
UC is a multifactorial, polygenic disease with possible genetic heterogeneity, and different genetic backgrounds may account for the numerous clinical patterns of UC (2, 3) . Epidemiological studies and genome-wide linkage analyses have established the genetic predisposition to inflammatory bowel diseases, however, information is lacking with regard to the genes that are responsible (4) . Therefore, the association between the polymorphism of various genes and UC has been previously studied (5) (6) (7) (8) (9) (10) (11) .
Heat-shock proteins (HSPs), in particular the HSP70 family, play important roles in intracellular trafficking and conformation of proteins by acting as a molecular chaperone, thus involving them in immune regulation (12) . Three members of the HSP gene, known as HSP70-1, -2 and-Hom, have been mapped to the class-III region of the human major histocompatibility complex (MHC); 92 kb telomeric of the complement C2 locus (13) . HSP70-1 and -2 encode the same protein, known as inducible HSP70. A previous study showed the protective role of inducible HSP70 in intestinal cells (14) . HSP70 was also detected in the inflamed colonic mucosa of Crohn's disease (CD) patients (15) , and therefore, the HSP70 gene family has been suggested to be a possible candidate gene in CD (16, 17) . Due to an A-G transition at the 1,267 position, the HSP70-2 gene has a PstI site (13, 18) and different genotypes of the HSP70-2 gene have been shown to be associated with various levels of HSP70 mRNA expression (19) . Single-nucleotide polymorphisms at the PstI site of nucleotide 1,267 have previously been found to be associated with intestinal perforation, abscess formation and fistula in Japanese and Caucasian patients with CD (16, 17, 20) , suggesting that this 
Materials and methods
Clinical samples and extraction of DNA. The studied population comprised 621 subjects, including patients with UC (UC group, n=121), who were enrolled at Fujita Health University Hospital (Toyoake, Aichi, Japan) and unrelated healthy control (HC) subjects (HC group, n=500). The diagnosis of UC was based on standard clinical, endoscopic, radiological and histological criteria (21) . According to their clinical courses, the chronic UC cases were classified into chronic-relapsing disease, chronic-continuous disease and only one episode of the disease (22) . The UC patients were also classified as extensive or distal colitis according to the location and extension of the inflammatory lesions judged by endoscopic findings. In addition, patients that required continual intravenous or oral steroid therapy were identified as the steroid-dependent phenotype. The Ethics Committee of Fujita Health University School of Medicine approved the protocol and written informed consent was obtained from all the participating subjects.
Genotyping for the HSP70-2 gene. Genomic DNA was extracted from non-neoplastic colorectal biopsies or peripheral blood using the standard phenol/choloroform method. The polymorphisms at position 1,267 of the HSP70-2 gene were investigated by polymerase chain reaction-based restriction fragment length polymorphism assays, as previously described (23) .
Statistical analysis. Data are presented as mean ± SD. Genotype frequencies were calculated by direct counting. The allele counts were compared between two groups by a 2x2 table using the two-sided Fisher's exact test. The strength of association was also assessed by calculating the odds ratio (OR) and 95% confidence intervals (CI). P<0.05 was considered to indicate a statistically significant difference.
Results

HSP70-2 polymorphism and the risk of UC.
The polymorphisms at position 1,267 of the HSP70-2 gene were genotyped in all 121 UC and 500 unrelated HC subjects. The characteristics of the UC patients are summarized in Table II ). There was no association as confirmed by 3x2 tables using the χ 2 test (P= 0.37).
HSP70-2 polymorphism and the clinical phenotypes of UC.
To investigate the association of the HSP70-2 gene polymorphism and different clinical phenotypes of UC, the subgroups of gender, age of onset, clinical type, extension of colitis and response to treatment were also used for stratification analysis. Among these clinical phenotypes, the BB genotype was found to exhibit a lower risk of the steroid-dependent phenotype (OR, 0.12; 95% CI, 0.02-0.95; P= 0.02). Similarly, the same genotype was also associated with a lower risk of the refractory phenotype (OR, 0.16; 95% CI, 0.04-0.73; P=0.01, Table III ).
Discussion
The HSP70 family is mapped in the short arm of the sixth human chromosome. Numerous HSP70 polymorphisms have been previously reported (24) . The HSP products play an important role in the movement of peptides across intracellular membranes and in protein conformation (12) . HSPs have been previously indicated to be a main target of the immune response in rheumatic diseases (25) . In systemic lupus erythematosus, there are autoantibodies against different HSPs (25) . Thus, the chromosome mapping of the HSP family in the MHC class III region, the importance of HSPs in the immune response and the strong linkage disequilibrium with other significant MHC alleles highlights that the HSP70 genes may be associated with susceptibility for autoimmune diseases. The HSP70-2 gene polymorphism is associated with an increased risk of type I diabetes (19) , systemic lupus erythematosus (18, 26) and rheumatoid arthritis (27) . The HSP70-2 polymorphism is a result of an A-G substitution in the coding sequence of the gene. A study on the gastrointestinal tract, has demonstrated a protective role of inducible HSP70 in intestinal cells (14) . HSP70 was also detected in the inflamed colonic mucosa of CD patients (15) , and therefore the HSP70 gene family has been shown to be a possible candidate gene in CD (16, 17) . In addition, single-nucleotide polymorphisms at the PstI site of the nucleotide at position 1,267 have also been found to be associated with intestinal perforation, abscess formation and fistula in Japanese and Caucasian patients with CD (16, 17, 20) , suggesting that this polymorphism provides information in association with the clinical severity of CD. With regards to the association between the HSP70-2 polymorphism and UC, the AA genotype was associated with a more severe clinical phenotype of UC in a Korean population (?). As CD and UC is extremely diverse in its clinical course, prognosis and response to treatment, it has been hypothesized that CD and UC may be syndromes in which various pathogenic mechanisms lead to numerous clinical phenotypes. Therefore, it may be necessary to place a greater emphasis on the disease heterogeneity in the investigation of genetic influence in patients with CD and UC. In the present study, a direct association between the HSP70-2 genotypes and UC was not found. However, the HSP70-2 polymorphism was associated with lower risks of the steroid-dependent and refractory phenotypes of UC. This result indicates that different UC subgroups may have different genetic backgrounds and that the HSP70-2 polymorphism may not be associated with the risk of UC, but may modify the clinical phenotype in UC patients. The HSP70-2 B allele may be of significance in the pathogenesis of relatively mild UC. The result of the present study may improve the information provided for the clinical implementation of UC patients, reflecting the pathophysiology of individuals. It is possible that the HSP70-2 polymorphism may play a role in the development of the steroid-dependent and refractory phenotypes. Further studies are necessary to evaluate the possible association of the UC phenotypes and various positions of the HSP gene polymorphisms. A previous study has shown the quantitative variations in HSP70-2 expression between the numerous HSP70-2 genotypes (19) . Although the expression of HSP70-2 was not investigated in serum or colonic mucosa from UC patients, it is possible that the HSP70-2 polymorphism may influence the quantitative differences in HSP70-2 expression and modify the risk of the clinical phenotype of UC.
From a functional perspective, Pociot et al (19) showed that the AA genotype of the HSP70-2 gene had the highest level of mRNA expression among the three genotypes, while the BB genotype exhibited the lowest, indicating that the A allele is potentially more protective against inflammation compared to the B allele. The B allele has been shown to be associated with the more severe clinical phenotypes of intestinal perforation, abscess formation and fistula in Japanese and Caucasian patients with CD (16, 17, 20) . However, in agreement with a recent study in a Korean population (28) , the finding of a low genotype frequency of BB genotype in the steroid-dependent and refractory phenotypes of UC in the present study indicate that the B allele is associated with a reduced but not increased risk of the more severe clinical phenotypes in UC patients. These results suggest that the B allele marks a propensity towards a severe clinical phenotype in CD, but that the A allele is associated with severe UC, suggesting that UC and CD are immunologically different diseases. However, the reason for the marked difference of the CD and UC clinical phenotypes with respect to the HSP70-2 genotype frequencies remains to be elucidated. In conclusion, the polymorphism of the HSP70-2 gene has been shown to not be directly associated with the susceptibility to UC, but that the BB genotype is associated with reduced risks of the steroid-dependent and refractory phenotypes of UC in the Japanese population. The HSP70-2 polymorphism was investigated in a selected region of central Japan. Previous studies have indicated that the HSP70-2 gene polymorphism shows variations within the same ethnicities (29, 30) and the HSP70-2 genotype distribution in HC subjects also demonstrates a considerable variation compared to a previous study in another area of Japan (11) . However, further studies are required in a larger and more diverse population to confirm the influence of this gene on the pathogenesis of UC.
